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The genus Zanthoxylum L. (Rutaceae) includes approximately 200 or more species around the world (Wu et al., 2008) , but only about six species occur in Korea. Two of these species, Z. schinifolium Siebold & Zucc. and Z. piperitum (L.) DC., are the most representative common species in this genus in Korea. Zanthoxylum schinifolium is a deciduous shrub distributed in China, Japan, Taiwan, and Korea (Hassler, 2016) . This species has a unique aromatic flavor on its fruits and leaves and has therefore been traditionally used as an edible or medicinal plant. Recently, significant effectiveness in the antibacterial and anticancer activity of some of the compounds of this species has been scientifically confirmed (Choi et al., 2008; Li et al., 2013) . Consequently, this species is attracting attention as a promising medicinal plant.
In many cases, the increasing economic value of a plant species can lead to drastic reductions in wild populations because of extensive use; thus, conservation efforts of genetic resources as breeding materials should be increased (Shippmann et al., 2003) . Zanthoxylum schinifolium, a medicinal species that breeders have recently started to cultivate, still has ample natural populations. Therefore, it can be used as a model species to identify the impact of harvest pressure on the genetic diversity patterns of wild populations of medicinal plants. However, most studies on this species have focused on the identification of medicinal compounds. In our review of the literature, the only genetic studies found for the species were studies of molecular identification based on ribosomal DNA sequence information (Sun et al., 2010) and phylogenetic relationships with cpDNA markers (Feng et al., 2016) . However, these markers are unsuitable for analyzing the genetic variation of the species for conservation and management (Wan et al., 2004) . Microsatellite markers are preferred in studies of genetic variation of individuals or populations due to their high level of polymorphism, codominance, biparental inheritance, and reproducibility of results (Varshney et al., 2005) .
We have developed and evaluated microsatellite markers for further genetic studies of Z. schinifolium, and tested their crossamplification in the related species Z. piperitum.
METHODS AND RESULTS
Sample collection and DNA extraction-A total of 102 samples of Z. schinifolium from three natural populations were collected to develop and validate new microsatellite primers for this species. To identify cross-amplification of the markers to other related species in the same genus, 30 samples of Z. piperitum were collected from one population. Detailed information on all of the samples collected for this study is provided in Appendix 1. Total genomic DNA (gDNA) was isolated from fresh leaves using Biomedic Plant gDNA Extraction Kit (Biomedic, Bucheon, Gyeonggi, South Korea). The DNA and leaf samples collected for this study were stored in the Gene Bank of the National Forest Seed and Variety Center (NFSV, Chungju, South Korea).
Construction of a microsatellite enrichment library-A microsatellite enrichment library was constructed according to the magnetic bead hybridization method of Glenn and Schable (2005) using one sample of Z. schinifolium collected from Chungju-si, Chungcheongbuk-do, South Korea. To obtain DNA fragments ranging from roughly 0.3 to 1 kbp, total gDNA was digested using the restriction enzyme RsaI and then ligated with SuperSNX linkers containing a GTTT PIG-tail. DNA molecules in the ligation products were hybridized with
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3′-biotinylated microsatellite probes and then subsequently isolated using streptavidin-coupled (M-280) Dynabeads (Invitrogen, Carlsbad, California, USA). PCR amplification was performed on the collected DNA molecules with Super-SNX-24 primers. This enrichment step was repeated once. The DNA fragments highly enriched with microsatellites were cloned into pGEM-T vectors (Promega Corporation, Madison, Wisconsin, USA) using Escherichia coli DH5α-competent cells. Recombinant clones were identified by colony PCR using M13 forward and reverse primers. The PCR products were purified, and then directly sequenced using the ABI 3730 DNA Analyzer (Applied Biosystems, Waltham, Massachusetts, USA). After the trimming of vector and linker sequences, 182 nonredundant contig sequences (GenBank accession no. KU884701-KU884883) were obtained from the assembly process using Lasergene SeqMan (version 7.0.0; DNASTAR, Madison, Wisconsin, USA).
Microsatellite primer design and validation-Putative microsatellites were mined using MISA software (Thiel et al., 2003) based on the following criteria: more than three repeats for dinucleotides to hexanucleotides and a gap within 100 bp in composite types. Amplicon size (85-350 bp) and annealing temperature (57-60°C) were the main consideration in primer design. A total of 104 primer sets were synthesized by Biomedic Co. Ltd. (www.ibiomedic.co.kr; Bucheon, South Korea) and used for preliminary screening. The preliminary screening of markers was performed by conventional PCR using the gDNA from eight samples of Z. schinifolium as templates to identify putative loci. Then, these PCR products were separated on a 2% agarose gel.
Finally, 20 microsatellite marker candidates, which produced amplicons at putative single loci, were selected to validate polymorphism and crossamplification. PCR was performed using an ABI 2720 Thermal Cycler (Applied Biosystems) in a 11-μL reaction volume containing 3 μL of template DNA (3 ng/μL), 1.1 μL of 2 mM dNTPs, 0.22 μL of 10 μM 6-FAM fluorescent dyelabeled forward primer and reverse primer, 0.15 μL of NeoTherm Taq DNA polymerase (5 U/μL; GeneCraft, Köln, Germany), 1.1 μL of 10× reaction buffer (containing 25 mM MgCl 2 ; GeneCraft), and 5.21 μL of distilled water. The PCR was performed with an initial denaturation at 94°C for 5 min; followed by 34 cycles of 94°C for 30 s, 57-64°C for 1 min (Table 1) , and 72°C for 1 min; and a final extension at 72°C for 10 min. After PCR amplification, 0.2 μL of the fluorescent PCR products were mixed with 9.8 μL of Hi-Di Formamide (Applied Biosystems) and 0.2 μL of GeneScan 500 ROX Size Standard (Applied Biosystems). The mixture was denatured at 95°C for 5 min and placed on ice. The amplified fragments were separated by capillary electrophoresis on an ABI 3730 Genetic Analyzer (Applied Biosystems). Each of the individual genotypes was scored using GeneMapper 4.1 software (Applied Biosystems).
Of the 20 candidate primers, 18 (90%) were successfully amplified for Z. schinifolium. Of these 18, 15 produced polymorphic DNA fragments, and the remaining three primers produced monomorphic amplicons ( Table 1 ). The percentage of amplification was 61.1% (11/18) for Z. piperitum. Out of these 11, six primers showed polymorphism with two or more alleles, but the remaining five primers had only one allele in the 30 samples analyzed. In most primers, the size range of alleles overlapped between the two species, but three primers (Zs3027, Zs3038, and Zsm3029) showed completely different size ranges between the two species, so these markers could be used to distinguish between the two species.
Evaluation of genetic properties for use as polymorphic markers-The genetic properties of the 15 polymorphic primers for Z. schinifolium were evaluated using 102 samples from three populations ( (Peakall and Smouse, 2006) . The HardyWeinberg equilibrium (HWE) at each locus for each population was tested based on χ 2 tests using GenAlEx version 6.41 software (Peakall and Smouse, 2006) . Polymorphic information content (PIC) and nonexclusion probability (NEI; identity) were calculated by CERVUS version 3.0.3 (Kalinowski et al., 2007) . The test for null allele presence was performed using MICRO-CHECKER (van Oosterhout et al., 2004) . Over all samples, A ranged from two to eight, A e ranged from 1.1 to 3.2, and PIC values were calculated as 0.087 to 0.650. H o and H e ranged from 0.070 to 0.677 and 0.093 to 0.688, respectively. The near-zero NEI value (0.0000005) indicated that the developed markers in this study are useful for individual identification. A ranged from one to four for Z. piperitum, and H o and H e at six polymorphic loci were in the respective ranges 0.077-1.000 and 0.211-0.536. Significant deviations (P < 0.05) from HWE were detected for some primers within each population. Because agreement with HWE depends on certain assumptions including an infinite population size, simple Mendelian inheritance in a diploid organism, discrete generations, and random mating, the test results could not be interpreted without information such as the mating system in the tested populations. Unexpected genotype patterns in the microsatellite data set were reported, of which null allele presence has been frequently mentioned as an explanatory cause (Dakin and Avise, 2004) . The null test results indicated a significant possibility of the presence of null alleles at some loci in some populations (Table 2 ). In particular, Zs2011 showed a significant possibility of the presence of null alleles in all three tested populations; this locus should be used carefully in further genetic studies. Additional testing of known parentoffspring relationships should be used to confirm these results, as they might be affected by the presence of null alleles.
CONCLUSIONS
In this study, 15 polymorphic and three monomorphic microsatellite markers were developed for Z. schinifolium. In the cross-amplification test of the developed markers for Z. piperitum, a related species in the same genus, 61% (11/18) were successfully amplified. Three of the 11 cross-amplified primers could be useful for distinguishing between the two species because the amplified fragments have completely different size ranges. These developed markers can be useful for individual identification within species as well as for conservation and management of the genetic resources of Z. schinifolium. 
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